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I. SUMMARY AND CONCLUSIONS

Sampling and analysis was undertaken to characterize and quantify
particulate, organic and inorganic chemical concentrations in gaseous
effluents downstream of an afterburner (AFB) or stack air addition (SAA)
system in a cupola at the Tioga Casting Company in Owego, New York. The
U.S. Environmental Protection Agency/Industrial Environmental Research
Laboratory (EPA/IERL) Level 1 environmental assessment procedures (1)
were used to determine if the level of pollutants present differed when
using the AFB versus the SAA control device for reduction of carbon

monoxide (C0) concentrations.

Triplicate measurements made for the two control systems indicate total
particulate loadings of 4.8 and 3.7 g/m3 for the afterburner and stack
air addition system, respectively. The difference between these values
is not significant at the 95% confidence level (Student's t-test). The
total organic loading was observed to be 10 and 18 mg/m3 for the AFB
and SAA, respectively. Again, the difference is not statistically
significant, However, there are some differences in the distribution
of organic material among fractions, such as compounds with beoiling
points between 100°-300°C, that do appear to be significant based on
the t-test. Also, the bag—house particulate samples collected down-
stream of the SAA were black, while those collected from the AFB
effluent were gray. These findings tend to indicate a slightly greater
organic loading in the effluent from the SAA, but the difference is
similar in magnitude to the factor of two uncertainty asscciated with

the Level ] sampling and analysis protocols used in this study.

Microscoplc examination revealed that the particulate matter present in
the cupola effluent consists mainly of silicates. The mass concentration
of trace metals in the particulate, as measured by spark source mass
spectrometry, is not significantly different during operation of the

afterburner and stack air addition system. The concentration of elements



designated as hazardous air pollutants (2), i.e., beryllium and mercury,
is not significantly different during operation of the two control

Systems.

Major organic compound classes present during operation of both the
afterburner and stack alr addition control systems include: (1) aliphatic
hydrocarbons of molecular weight up to and exceeding 450, (2) polycyclic
aromatic hydrocarbons (PAH) of molecular weight less than 216, and

(3) carboxylic acids such as benzoic acid. O0f these, the polycyclic
aromatic hydrocarbons might seem to be of most interest in terms of
potential implications for health, since some compounds of this type

are suspect cancer agents. However, most of the polycyclic aromatic
hydrocarbons present have fewer than five fused rings and are not
suspected carcinogens. Higher molecular weight pelycyelic aromatic
hydrocarbon species, including some of those suspected of carcinogenic
activity, might also be present at lower concentrations. The low
resolution mass spectrometric (LRMS) data indicate that the total PAH
content is somewhat lower for the stack air addition system than for

the afterburner.

For both control systems, the LRMS data indicate that aliphatic hydro-
carbons are relatively more abundant than polycyclic aromatic hydrocarbons.
The same data indicate a higher relative concentration of aliphatic
hydrocarbons with the stack air addition system. Although aliphatic
hydrocarbons of high molecular weight, e.g., MW >360, are not suspect
carcinogens, they may be promoters. Their relative abundance may,

therefore, be important.

During operation of the stack air addition system, a higher mass con-
centration of organic compounds, in the boiling range of 100°-300°C,

was observed than during operation of the afterburner. The possible
health implications of these observations are uncertain, especially
since the difference in concentrations is small compared to the variance

expected from the sampling and analysis procedures,



Thus, the differences in organic mass concentration and chemical charac-
ter observed between the afterburner and stack air addition system may

or may not be significant from a health aspect., The magnitude of the
quantitative differences in mass concentrations of organic matter is

not large (i.e., less than a factor of two) and is near the magnitude

of precision associated with the analytical procedures used in this

work. Qualitative differences, i.e., lower abundance of polycyclic
aromatic hydrocarbons and higher abundance of aliphatic hydrocarbons,

are not large on a subjective basis and any synergistic impact is
uncertain. The small differences between organic compound concentrations
and character during operations of the two control systems would indicate
that they are also likely to be comparable in terms of potential health
impact. It is possible that compound-specific analysis of the cupola
effluent might indicate some exceptions to this general statement by
revealing more substantial differences in levels of emissions of

individual organic species.

Combustion gases are present in statistically similar concentration
levels (957 confidence) during operation of the AFB and SAA., Carbon
monoxide appears to be oxidlized to carbon dioxide with comparable

efficiency by either control system.

In summary, the concentration of partial combustion gases, e.g., carbon
monoxide, nitrogen oxides, and hydrocarbons, are equivalent during
operation of the afterburner and stack air addition system. Inorganic
particulates account for about 95% of the total mass of material collected
from the cupola effluent under both conditions. The mass concentration

of total particulates and selected elements, e.g., trace metals, is

equivalent during the use of either control device.

The mass concentration of total organic extractable matter is not
significantly different during operation of the stack air addition
system or the afterburner. However, for organic compounds with boiling
points between 100° and 300°C, the mean mass concentration is about a

facter of two greater for the SAA than the AFB., This is a significant



difference at the 95% confidence level, but not at the 99% level. _The
health impact of these differences is uncertain but on the basis of the
precision of the experimental data and current understanding of risk
assessment for complex effluents, the two systems appear toc be
comparable In emissions and probable impact on health and the environ-

ment.



II. INTRODUCTION

In the spring of 1981, a stack air addition system (S5AA) was installed
on the 40-inch divided blast cupola at the Tioga Foundry 1in Owego,

New York, The stack air addition system consists of two rings, seven
and nine feet bélow the charge door sill, with four equally spaced

ports in each ring offset from one ancother; air 1s provided to the ports
by a Roots blower capable of an 850 scfm flow rate. The lower ring is
10'6" above the lower tuyeres. Flow rates are monitored using annubars
and water manometers. A schematic diagram of the system is shown in

Figure 1 and the locations of the ports in the cupola shell in Figure 2.

The SAA was installed in partial fulfillment of the terms of a research
contract (#DE-A502-76C540028), conducted by the Pennsylvania State

University, which has as i1ts goals to:

1. Develop methods for eliminating afterburners from

production cupolas;
2. Improve cupola operating efficiency;

3. Transfer this technology to the foundry indusctry.

Field and laboratory studies indicated that, by introducing air at the
proper polnt in the cupola shell, carbon monoxide can be ignited and
burned to carbon dioxide in the stack. Thus, the afterburner may be
eliminated and a reduction in the amount of energy required for melting

a unit of iron achieved.

A necessary input to this program is a demonstration that the change
in technology does not have an adverse effect on air quality. To

achieve this goal, Arthur D. Little, Inc. conducted an envirconmental
assessuent of the stack emissions from the cupola. For these tests,

EPA/IERL Level 1 environmental test procedures (1) were used.
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Samples of gaseous effluent from the cupola were collected downstream of
the afterburner or the stack air addition system depending upon the
test conditions being sampled, and upstream of emission control devices.

The test consisted of triplicate collections of:

1. The gaseous effluent during cupola operation with the

afterburner, and

2. The gaseous effluent during cupola operation with the

stack air addition system.

The samples collected with a Modified Method 5 (MM5) train were analyzed
by EPA/IERL Level 1 procedures. Figure 3 shows a schematic diagram of
the Level 1 analytical scheme. For the purposes of this program, all

of the particulate catches were combined prior to analysis. Both
organic and inorganic speciles were analyzed via the appropriate Level 1
procedures. Spark source mass spectrometry was used to survey the
inorganic species from lithium (Li) to uranium (U} except for volatile
inorganics, mercury (Hg), antimony (5b), and arsenic (As), which were
determined by atomic absorption spectrometry. Infrared spectrometry and
low resolution mass spectrometry were used to identify and characterize
the organic components of the collected samples. In addition to the
Modified Method 5 samples, concentrations of combustion gases, i.e.,
carbon dioxide (COZ)' carbon monoxide (CO), nitrogen oxides (NOX),

oxygen (02) and hydrocarbons (HC) were measured during sample collection.

The actual tests were conducted during the weeks of September 14 and 21,
1981. On September 15, 16, 17, and 21, the foundry operated with a
natural gas-fired afterburner; on September 22, 23, and 24 only the

stack air addition system was in operation,
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III. EXPERIMENTAL PROCEDURES

A. SAMPLING FOR COMPREHENSIVE ANALYSTIS

The objectives of this test program include quantitative estimation of
total particulate matter concentratlions and comprehensive characteriza-
tion of organic and inorganic materials present. To accomplish this
task, samples were collected using a Modified Method 5 train (MM5),
shown schematically in Figure 4, This sampling train incorporated a
water—cooled, quartz-lined, stainless steel probe; a heated cyclone

and filrer; a heat exchanger; sorbent trap; condensate trap and impinger
train. The probe was warer-cooled so as to reduce the temperature of
the stack gas (800°-1100°C) to about 120°C prior to passage into the
cyclone and filter oven. The cyclone was used upstream of the filrer

to limit potential overloading of the filcer. In order to cool the

gas stream to a temperature {i.e., 20°C) consistent with efficient
collection of organic vapors on the XAD-2® sorbent trap, a heat
exchanger (Figure 5) was installed upstream of the solid sorbent trap.
The heat exchanger was fabricated from a glass condenser and cold finger
through which water from the impinger ice bath was clrculated with a
peristaltic pump. A thermocouple was installed in a glass tip in the
RAS stream to monltor the temperature of the gas entering the sorbent

trap.

An impinger trailn contalning six 500 milliliter impingers was installed
downstream of the sorbent trap. An empty impinger was used for ceollec-
tion of condensate from the sorbent trap. Two oxidizing impingers
containing hydrogen peroxide for removal of acld gases were followed

by two oxidizing impingers containing ammonium persulfate and silver
nitrate to collect volatile metals, i.e., mercury, antimony and arsenic.
A sixth impinger containing silica gel was used to dry the air prior

to volume measurement in a dry gas meter.

11
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"During sampling, the probe nozzle was positioned in the stack at a
fixgd point of average velocity, determined by a preliminary traverse
with a pitot tube according to EPA Method 2 (3). The sampling system
was operated as close to ilsokinetlc conditlions as was possible within
the constraints of avallable nozzle sizes and operating parameters.
Approximately 3-5 m3 of gas (5TP) were collected during each test at

a flow rate ranging from 15~30 liters per minute.

At the completion of each sampling run the train was disassembled and
samples recovered according to Level 1 procedures (l). The residue
from the probe was recovered with a nylon brush and flushed with

equal volumes of HPLC~grade methancl and dichloromethane. The residue
in the cyclone and front half of the filter holder was rinsed with

the same solvent into the glass bottle containing the probe rinse.
Individual filter samples were placed in petrl dishes for transport.
The solvent rinse from the back half of the filter holder, heat
exchanger and condensate trap were collected in a separate glass bottle.
The sorbent trap was sealed with Teflon® film for transportation. The
two HZOZ impinger samples and rinses were placed in a common glass
bottle. The ammonium persulfate/silver nitrate impinger samples and
rinses were also combined in a separate glass bottle. The silica gel
was transferred to a tared nalgene bottle for subsequent analysis of

percent moisture according to EPA Method 4 (3).

B. ON-SITE GAS ANALYSIS

1. Carbon Monoxide (CO), Nitrogen Oxide (NOK) and Total Hydrocarbons (HC)

The gas sampling train consisted of a 3/8"-0D porcelain probe inserted
into the stack; a 75-ft long, heat-traced (100°C) Teflon 1line; a heated
(175°C) oven containing a metal bellows pump and glass fiber filter;

and instrumental analyzers for measurement of CO, NOx and HC, 1l.e.,

Beckman 864, Beckman 955 and Beckman 402, respectively.

After exiting the oven, the gas stream entered a heat-traced manifold

which split the flow to the NOx and HC analyzers. Excess gas was

14



collected in a Tedlar® bag over a period of 10 minutes and, after
cooling, was pumped through silica gel and into the CO analyzer for

measurement of concentration.

2. Qrsat Device

2» €0y

and CO on an infrequent basis. Samples were also collected from the

An QOrsat device was used to collect and analyze stack gas for O

stack (through the pitot tube on the probe) and at the continuous
analyzer manifold to check for leaks, confirm the accuracy of the
gaseous analyzers, and to compare with concentrations measured inde-

pendently by a Pennsylvania State University field team.

C. BAG-HOUSE SAMPLES

Grab samples of the particulate removed from the cupola stack in the
bag-house were collected during operation of the cupcla with the after-
burner and with the stack air addition system. These two samples were

stored in glass bottles for possible future analysis.

D, ANALYSIS PROCEDURES

The MM5 train samples collected in the field were stored in ice and
returned on a weekly basis to the laboratories of Arthur D. Little, Inc.
for analysis. The samples received for analysis included six components
from each MM5 sampling run and two solvent blanks corresponding to the
solvents used for extraction of the sorbent, condensate, and for probe
and cyclene rinses. Each sample was subjected to the Level 1 analytical
program, including inorganic and organic analysis. Figures 6-9 show the
actual step-by-step analysis scheme ugsed for each sample. All samples
were carried through the entire Level 1 program except in thoge cases
where the sample size and concentration was below that required for
further analysis. Only two sorbent samples contained sufficient material

to warrant fractionation by liquid chromatography.

15
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l. Level 1 Organic Analysis

Level 1 organic analysis procedures as described in the EPA procedures
manuals (1) were followed. A brief summary of the various steps is

given below.

(a) Particulate Masses

The masses of the particulate samples (filter and cyclone catches; probe;
¢yclone rinses) were obtained by drying the samples to constant weight
{#0.1 mg) in tared evaporating dishes at 50°C and cooling to room tem-

perature in a desiccator.

{b) Soxhlet Extraction

All extractions were carried out for a 2Z4~hour period using high—puricty
methylene chloride (Fisher Scientific, Inc., HPLC-grade). The following

procedures were used:

e XAD-2® Resins - Extracted with 200 mlL of methylene

chloride.

¢ Probe, cyclone catches and filter sample - Weighed
individually and then combined. Portions of the combined
particulates were removed for microscopy and inorganic
analysis and the remainder extracted with 200 wli of

methylene chloride.

(c) Total Chromatographable Qrganics Analysis (TCQ)

The quantity of the total organic material with boilling point in the
range of 100-300°C was determined by gas chromatography using a flame
ionization detector. The concentration of each sample was calculated

from the ratio of the peak areas of the sample to that of the known

20



standards. The following instrument conditions were used:

Column: 10Z OvV-101 on 100/120 mesh Supelcoport

Injector Temperature: 270°

Detector Temperature: 305°C

Temperature Program: Room temperature for 5 minutes, then pro-
‘ grammed at 20°C/min up to 250°C

Carrier Gas Flow: Helium at 30 wL/min

(d) Gravimetric Analysis (GRAV)

The quantity of organic material with a boiling point higher than 300°C
was determined by the gravimetric analysis method (GRAV). One to

five mlL aliquots were pilpetted into precleaned, dried and weighed
aluminum dishes, and were dried at room temperature in a desiccator to

constant weight (*0.1 mg).

{e) Infrared (IR)

The IR spectra of all samples were obtalned on a Digilab 15C FTIR
spectrometer, using potassium bromide plates. Spectra were interpreted

with the aid of References 4-7.

{f) Liguid Chromatographie (LC) Separation

Samples for liquid chromatography were initially concentrated to 10 mL
using a Kuderna-Danish apparatus followed by concentration to 1 mL under
a nitrogen stream and then subjected to three comsecutive solvent
exchanges with cyclopentane. The resultant cyclopentane solutions

were introduced onto a silica gel column, and seven fractions were
collected by elution with solvent mixtures of Iincreasing polarity.

Fractions 2 and 3 were combined, as were Fractions 4 through 7.

21



(g) Low Resolution Mass Spectrometry {LRMS)

LRMS analysis was carried out on a Dupont 21-110B mass spectrometer.
Both batch inlet and direct insertion probe techniques were used
depending on the TCO content of the samples. Sample sizes varied from
20" uL to 50 pL. Typically, a sample was run at 15 eV and 70 eV
ionization potentials over a temperature of 70-350°C. Interpretation

of the mass spectra was based on References 8-11.

2. Level 1 Incorganic Analvsis

Elemental analysis was performed on each sample after the appropriate
sample preparation (described below), using a JOEL Spark Source Mass
Spectrometer and photographic detection system. These analyses were

conducted by GCA Corporation, Technology Division.

Sample Preparation

Particulates: Mixed with carbon te form an electrode

XAD-2®@ resin: Parr Bomb combustion over nitric acid

Arsenic, mercury and antimony in impingers were determined by atomic

absorption spectroscopy. A Perkin-Elmer 503 Spectrophotometer was used.

3. Microscopic Analysis

A particulate sample from one MM5 train sample from each control system
was examined under a standard polarizing microscope. Photomicrographs
were made on Ektachrome High Speed film, with samples immersed in a
medium of 1.44 index to provide good contrast. Additional samples were

examined by scanning electron microscopy.

22



4. Sulfur Oxides Analysis

Aliquots of impinger samples were analyzed by ion chromatography using

a Dionex Model 14.

conditions:

Column:
Eluent:
Flow:
Run time:

Sensitivity:

Samples were analyzed using the following

500 mm anion type, glass columns with precolumn
0.003M NaHCO,/0.0024M Na,CO
35%

22 min

100 and 10 pmhos/cm

3

All samples were diluted by a factor of ten prior to analysis so that

solutions injected on the column contained a maximum of 3% hydrogen

peroxide.

23



IV. TEST RESULTS

A. ON-SITE ANALYSES

As noted previously, individual Modified Method 5 (MM5) samples were
collected on each of seven days during the weeks of September 15 and
September 22, 1981. Four samples were collected from the stack (on
September 15, 16, 17, and 21, 1981) when the cupola was operating with
the afterburner (AFB). Three samples were collected on September 22-24,

1981 when the cupola was operating with the stack air addition system (SAA}.

Table 1 summarizes the sampling data acquired during the seven runs.

Run 1 was the first collection conducted on the cupola. Due to minor
system malfunctions, e.g., leaks, and the realization that future runs
would benefit from this experience and familiarity with the interaction
of the sampling train and the high temperature environment, this run was
discarded. Samples from other runs were analyzed in accordance with
Level 1 procedures (1). The low volume of gas collected durinmg Run 5 is
due to a significant leak which occurred during sampling. This problem
was noted in the field, resolved, and the field data satisfactorily
corrected by careful analysis of temperature and pressure drop data.

Run 5 samples were, therefore, analyzed and the data included in this

report.

Table 2 summarizes the results of the on-site analyses of stack gases.

Due to the large variability in concentrations observed for the three
gases which were monitored with instrumental analyzers (i.e., carbon
monoxide, nitrogen oxides, and hydrocarbons), the observed differences

in concentration for these gases with the afterburner or stack air addi-
tion system are not statistically significant. Observation of operation
of the cupola during daily sampling and apalysis indicates that short-term
variation in scrap metal charging rate and blower operation dramatically
influenced the concentration of these partial combustion gases. This

variation is 1llustrated by the range of temperature observed during a run.

25
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TABLE 1

SUMMARY OF SAMPLING DATA

Sample Run 1 2 3 4 5 6

Control Device AFB AFB AFB AFB SAA SAA

Voiume of gas sampled* 0.987 2.138 3.890 3.306 0.972 3.333
(m3)

Stack t?mpfrature 926-1053 926-1093 732-985 735-920 772-1059 625-963
°C

*
Gas volumes are corrected to standard conditions of 101 kPa (29.9" Hg) and 21.1°C (528°R).

AFB
SAA

Afterburner

Stack Air Addition System

]

it

SAA

4,327

143-947
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TABLE 2
RESULTS OF ON-SITE GAS ANALYSES

(Conceutration, ppmv)

CONTROL DEVICE AFTERBURNER _____STACK AIR ADDITION SYSTEM
Species M Mean sp? Range N Mean sD Range
Carbon Monoxide 15 720 478 18-16000 105 700 280 20-13000
Nitrogen Oxides 14 22 8.9 5-39 100 35 11 15-91
Hydrocarbons (As CHA) 17 73 58 9-166 90 100 130 10-820
Carbon Dioxide (%) 3 16.6 2.4 13.3-18.5 3 18.2 0.5 17.6-18.6
Oxygen (%) 3 3.7 2.1 2.0-6.3 3 2.4 0.6 1.8-3.0
lN = Number of Measurements

2

SD = Standard Deviation



As a quality assurance step, the proper operation of the gas sampling
train was checked prior to routine collection of gas concentration data.
The major point of concern was whether the sampling line/manifold was
leak tight. Duplicate ORSAT samples (EPA Method 3) were taken at the
stack through the pitot tube on the probe and subsequently at the
exhaust point of the heated gas sampling manifold. The data which are

shown below, indicate that no appreciable leak was present.

COMPARATIVE ORSAT DATA

(Concentration, w/v)

Speciles Stack Gas Sample Manifold
Carbon Dioxide (002) 18.5% le.7%
Oxygen (02) 2.1% 2.1%
Carbon Monoxide (CO) 0.2% 0.2%

The difference in CO, levels is typical of fluctuations in the stack con-
centrations over time. Although the lower €O, concentration in the
manifold could have resulted from a small leak of ambient air, the identi-
cal concentraticns for 0, and CO indicate that the system is in fact leak-
free. Following this QA check, the ORSAT method was used once daily
(duplicate measurement) to measure the concentration of CO, and O; in the

stack. These data are also reported in Table 2.

B. RESULTS OF COMPREHENSIVE ANALYSIS

1. Total Particulate Leoading

The total mass of collected particulates as well as the concentration of
particulates in the source for six (Runs 2-7) MM5 samples are given in

Table 3. The mean concentration of particulates in the stack is slightly
lower when operating the stack air addition system rather than the after-
burner. Specifically, the mean concentrations for the stack air addition
system and afterburner are 3.7 g/m3 and 4.8 g/m3, respectively. However,
the difference 1is not statistically significant. That is, the means are not

different at the 95% confidence level as determined by the Student's t-test.
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TABLE 3

MASS AND CONCENTRATION OF PARTICULATES

Run 2
Control Device e
Volume of gas sampled 2.14
m3 (STP)
Collected mass of particulates (g)
Probe; cyclone 5.7699
Filter 4.8137
Total 10.5836
Concentration (g/m3)
Probe; cyclone 2.70
Filter 2,25
Total 4.94

3.89

11.8304
7.4849
19.3153

3.04
1.92
4.96

Mean Total Concentration (g/m3) - 4.8

Standard Deviatlon - Q.26

3.30

8.5459
6.2617
14.8076

2.59
1.90
4.49
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TABLE 3 (continued)

MASS AND CONCENTRATION OF PARTICULATES

Run 5 6 7

Control Device  coeee——a STACK AIR ADDITION--—--—--

Volume of gas sampled 0.97 3.33 4.33
m3 (STP)

Collected mass of particulates (g)

Probe; cyclone 2.2964 7.6387 6.2293
Filter 0.8642 9,.0259 5.9096
Total 3.1606 16,6646 12.1389

Concentration (g/mj)

Probe; cyclone 2.37 2.29 1.44
Filter 0.89 2.71 1.36
Total 3.26 5.00 2.80

Mean Total Concentration (8/m3) - 3.7
Standard Deviation -~ 1.2



In much of the data discussed in following.sections, it 1is apparent

that the agreement within stack air addition (SAA) data 1s poorer than
within afterburner (AFB) data. It is not known whether this greater
variability in SAA data is due to operation of the SAA system or operation
of the foundry itself. That 1s, wac variation due to differences in charg-
ing production rates during the week that the SAA was tested? Variability
in operation of the MM5 train 1is not a probable cause of the observed data

variance, except in case of malfunction; neo unusual situations were noted.

The variation in concentrations calculated for the probe/cyclone and filter
sections of the MM5 train 1is great enough that it is difficult to confirm

the shift in particle size distribution reported for the SAA contreol device
by Davis and Draper, 1981 (12). However, the data generated in the present

study do not contradict this earlier observation.

2. Level 1 Organic Analysis

Mass concentrations of total extractable organic material collected in the
various MM5 train components (i.e., filter, sorbent, condensate) from both
afterburner and stack air addition runs are reported in Table 4 and summa-
rized in Figure 10 and 11. In comparison to the total particulate mass
concentration observed (Table 3), very little organic matter was extracted
from the samples. Only about 0.1% of the total particulate mass collected
in the probe, filter, and cyclone was extractable while about 1% of the
total mass of material collected in the entire sampling train (i.e., in-
cluding sorbent and condensate)} was extractable in dichloromethane. All

dichloromethane~extractable mass has been identified as organic matter.

The organic extractable matter was experimentally divided into a low boil-
ing point fraction defined as total chromatographable organics (TCO) and
a high boiling point fraction defined as gravimetric analysis (GRAV)

organics.
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TABLE 4
TOTAL EXTRACTABLE ORGANICS (mg/m’)
{Gorrecred far blanks)

CONTROL DEVICE AFTERBURNER STACK AIR ADDITION SYSTEM
Tco GHAY Total TCO GRAV Total
Particulate Extract 0.44 2.8 3.2 0.2} 3.1 3.3
n=3 0.128 1.3 1.6 0.29 1.2 1.5
0.08 0.3 0.4 0.35 4.8 5.1
x 0.27 1.5 1.7 0.28 3.0 3.3
5D 0.18 1.2 1.4 0.07 1.8 1.8
XAD-2 Extract 2.2 8.4 11 5.0 7.2 12
n=] 1.6 3.1 4.7 1.3 2.4 5.7
3.5 6.1 9.6 4,5 20 24
k3 2.4 5.9 8.4 4.3 3.9 14
Sb 0.97 2.6 3.3 0.87 9.1 9.3
Condensate 0.09 28 28 1.4 9 40
n=] 0.24 1.7 7.9 1.0 64 65
0.09 15 15 0,04 10 10
x 0.14 17 17 0.81 k1) 38
5D 0.09 10 10 0.70 7 28
Total Extract 2.7 19 42 6.6 49 56
u=3 2.1 12 14 4.5 68 73
3.7 21 25 4.9 35 40
x 2.8 24 27 5.3 51 56
5D 0.31 14 14 1.1 16 16
Total Extract 2.7 11 14 6.6 10 17
Wlthout Condensate 2.1 4.4 6.5 4.5 3.6 8.1
n=d 3.7 6.4 ' 10 4.9 25 3o
x 2.8 7.3 10 5.3 13 18
5D 0.81 1.4 3.8 1.1 11 11
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The distribution of extractable organic matter in the sampling train com-
ponents indicates that about B0-B6% of the organics which fall into the
TCO range (boiling point between 100° and 300°C) are found in the XAD-2
extract. About 71-75% of the organics which fall into the GRAV range
(boiling point greater than 300°C) are found in the condensate. Organic
material with boiling points greater than 300°C accounts for about 89-91%
of the total organic mass. These observations are not completely con-
sistent with findings of other ferroalloy process emission measurements (13).
The presence of most of the organic mass in the condensate trap is un-
expected., In fact, a careful review of the low resolution mass spectros-
copy (LRMS) data (Appendix A) indicates that most of the organic material
present in the condensate extract consilsts of dioctylphthalate (DOP) and
related esters. This compound is probably due to contamination of the
condensate samples 1in the field, although it is not obvious why the con~
tamination appears only in these samples; other trailn components show
minimal DOP contamination. Im any case, it seems inappropriate to in-
clude the DOP-material in estimates of source-related organic emission.
Therefore, the estimated total extractable organic mass concentration is
calculated excluding the condensate sample data (Table 4) and is summarized

in Figure 12.

A comparison of organic concentration data for the afterburner and stack
air addition runs indicates that the low boiling (100°-300°C) organic
material is present at significantly (i.e., 95% confidence level by
Student's t-test) higher levels in the stack air addition samples. Al-
though the trend is the same for the high boiling (>300°C) organic
material, and thus total organic material, the latter differences are not

statistically significant as determined by the Student's t-test.

In order to obtain additional information related to health implications
of the observed differences between the organic emission concentrations
from the afterburner and stack air addition system, various EPA/IERL Level 1
chemical analyses were conducted. Individual extracts were analyzed by

infrared spectrometry (IR) and low resolution mass spectrometry (LRMS).
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The chemical classification data obtained from these analyses are reported
in Appendix A. Due to the low mass of organic extractable material in
most samples (excluding condensate samples), only two (sorbent) extracts
were of sufficiently high concentration (i.e., greater than 8§ mg/m3) to
warrant a liquid chromatographic separation on silica gel prior to LRMS
analysis. Three composite fractions representative of aliphatic hydro-
carbons such as dodecane (Fraction 1) and aromatic hydrocarbons, such as
benzene and benzo(a)pyrene (Fractions 2-4), and polar compounds, such as

benzoic acid (Fractilons 5-7) were collected from each of these two extracts.

On the basis of analysis of unfractionated and fractionated extracts, the
organic species in each extract were classified into compound categories
and the intensity (relative amount) of each category was estimated using

a method developed by Arthur D. Little, Inc. (l4). The major components
(intensity = 100) of each fraction of the sampling train are shown in
Table 5. Note that a comparison of filter and condensate extracts from
the afterburner and stack alr addition samples shows identical major com-
ponents, that is, aliphatic hydrocarbons and esters (contamination). The
LEMS data for the sorbent extracts from the afterburner and stack air
addition samples show marked similarity but indicate that aliphatic hydro-
carbons may be somewhat more abundant than fused alternate, non-alternate
hydrocarbons (i.e., polycyclic aromatic hydrocarbons) in the stack air
addition samples. This may indicate that the larger organic mass concen-
tration observed on the sorbent sample for the stack air addition system
may be due to increased amounts of aliphatic hydrocarbons rather than
polyecyclic aromatic hydrocarbens. In any case, the most abundant polycyclic
aromatic hydrocarbons in all samples from both control devices are of less
than five rings (molecular weight <216), most of which are considered to
be non-carcinogenic (l53). Less abundant amounts of a class of potentially
strongly carcinogenic fused hydrocarbons of five or greater rings (molecular
weight >216) were observed in a few samples from both control systems. It
is difficult to state unequivocally that the lower concentration of poly-
cyclic aromatic hydrocarbons in the stack air addition system will mean

less health hazard since it 1is impossible to preclude possible synergistic
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Filcter

Sorbent

Condensate

{Total)

(Fraction 1)

(Fractions 2-4)

(Fractions 5-7)

TABLE 5
MATOR ORGANIC COMPOUND CATEGORIES

(Intensity = 100 or as stated)

Control Device

Afterburner Stack Alr Addition System
Aliphatic hydrocarbons Aliphatic hydrocarbons
Fused alternate, non-alternate Aliphatic hydrocarbons
hydrocarbons
Carboxylic acids Fused alternate, non-alternate
Aliphatic hydrocarbons (10) hydrocarbons (10)

Aliphatic hydrocarbons Aliphatic hydrocarbons
Aliphatic hydrocarbons Aliphatic hydrocarbons
Aromatic hydrocarbons (10) Aromatic hydrocarbons (10)
Carboxylic aclds, aliphatic Carboxylic acids, aliphatic
alcohols or ketones alcohols or ketones

Esters Esters



effects of high molecular weight aliphatic hydrocarbons, which have been
implicated as promoters of the indirect carcinogenesis of polyeyclic aro-

matic hydrocarbons in some studies (16).

3. Inorganic Analysis

The results of mercury determination (cold vapor atomic absorption method)
in sorbent, condensate, HZOZ impinger, and persulfate impinger fractions
are summarized in Table 6. Mercury is distributed quite equally over these
fractions and is present at low loadings corresponding to about 1 pg/mB.
There 1s no significant difference between the afterburner (AFB) and stack
air addition system (SAA) samples. No arsenic or antimony were detected

in these fractions at levels above the detection limit {(i.e., 0.4 ug/m3).

The total inorganics detected by spark source mass spectrometry (Appendix B)
are summarized in Tables 7 to 9. Concentrations on a mass emission basis
(ug/mB) for 10-16 selected elements present at high concentrations are in-
cluded. Elements with atomic number of less than twelve (lithium to
Nagnesium) are excluded from the summary. The results are grouped accord-
ing to sampling train component. Specifically, the metal concentration in
the particular fraction, probe/cyclone wash and filter catch, sorbent

resin and condensate catch are reported separately, As expected, most of
the inorganic material present in the cupola stack is collected on the
probe, cyclone and filter. Only a small percent of most elements appear
to be distributed in the sorbent or condensate. The obvicus exception is
sulfur; for this element about 10% of the mass is found on the sorbent and
10% in the condensate. This observation is not unexpected due tec the

potential for the existence of various sulfur compounds in the vapor state.

More importantly, the difference in mass concentration of the elements
measured in the samples cellected when the afterburner or stack air
addition system was in use is not statistically significant. This is
consistent with the equivalence of the total particulate mass concentra-

tions for both control devices.
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TABLE 6
MERCURY IN SAMPLE FRACTIONS

(Mean Concentrarion, ug/t|13)1

Contrecl Device

Afterburner Stack Alr Addition
Matrix X S.D. x S.D.
Sorbent 0.77 1.0 <0.41 -
Condensate 2.2 1.4 12 16
H202 Tmpinger 0.60 0.30 0.63 0.31
Persulfate Impinger 0.41 0.14 0.67 0.37

lcorrected for blank levels
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Element

Silicon (5i)
Sulfur (8)
Potassium (K)
Calcium (Ca)
Titanium (Ti)
Chromium (Cr)
Manganese (Mn)
Iron (Fe)
Nickel (Ni)
Copper (Cu)
Zinc (Zn)
Bromine (Br)
Tin (Sn)
Antimony (S5b)
Lead (Pb)

TABLE 7

SELECTED ELEMENTS IN PARTICULATE FRACTION

(Mean Concentration, ug/m3)l

Afterburner
X S.D.

MC -—
150,000 8,900
53,000 12,000
42,000 12,000
2,900 820
730 380
90,000 5,700
120,000 8, 000
830 1,100
1,600 830
44,000 17,000
7,100 2,600
13,000 6, 900
1,800 920
220,000 40,000

MC = Greater than about 500,000

lcorrected for blank levels

41

Stack Alr Addition
X S.D.
MC --
23,000 22,000
99,000 110,000
73,000 43,000
4,900 5,300
420 174
130,000 130,000
180,000 170,000
420 600
600 240
62,000 46,000
22,000 26,000
4,400 470
670 260
140,000 110,000



Element
Sulfur (5)
Calcium (Ca)
Titanium (Ti)
Chromium (Cr)
Ircn (Fe)
Nickel (¥Ni)
Copper (Cu)
Zinc (Zn)
Germanium (Ge)

Selenium (Se)

TABLE 8

SELECTED ELEMENTS IN SCRBENT

(Mean Concentration, ug/m3)l

Afterburner

x S.D.
15,000 12,000
380 240
51 20
190 160
1,300 970
14,000 23,000
230 270
110 12
86 100
86 140

lcorrected for blank levels

Stack Air Addition

X S.D.
4,900 3,000
78 86
3.2 1.5
32 32
400 70
140 35
78 86
320 540
6.8 —
<9.4 -

42

Blank
5,700

59

40
160
49
59

<180

<l.

24

(g%}



Element
Silicon (S1i)
Sulfur (8)
Potassium (K)
Calciuvm (Ca)
Titanium (Ti)
Chromium (Cr)}

Molybdenum (Mo)

1

SELECTED ELEMENTS IN CONDENSATE

TABLE 9

(Mean Concentration, pg/m3)l

Afterburner

X

3,900
9,200
1,600
1,500
170
480

810

S.D,

5,100
2,500
2,200
1,800
230
660

1,100

corrected for blank levels

43

Stack Air Addition

X

860
13,000
88

580

30

104

5.D.

680
5,700
26

470

19

135

Blank
87
300
7.3
40
6.3
8.0
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In an attempt to quaptify the levels of sulfur oxides (SOx) in the stack
gas, the SOx collected in the pair of Hzo2 impingers in the MM5 train
were analyzed by ilon chromatography as sulfate, The mean concentrations
for the samples collected during the operation of the afterburner (AFB)

and stack air addition system (SAA) are as follows:

Mean Concentration as Sulfate

Control Device (mg/m3) S.D.
AFB 521 86
S5aa 488 150

[



4, Microscopic Analysis

Two particulate samples were examined microscopically to characterize
appearance and composition and to measure particle size distributiom.

A representative aliquot of the particulates (probe, cyclone and filter
catches) collected during operation of the afterburner (Run 3) and
stack air addition (Run 6) system were examined by optical microscopy

at 1,500x and by scanning electron microscopy (SEM) at 5,000~10,000x.
Observations of these samples are as follows:

1. Although a small amount of crystalline material is observed
to be present in both samples, X~ray diffraction was not able

to resolve the identity of this phase.

2. In the polarizing microscope, both particulate samples ére
observed to consist principally of an amorphous phase, trans-
parent and light tan in color. There are a few black opague
particles, some of which are subject to movement in a magnetic
field, i.e., ferromagnetic. There are a few very small
crystalline particles attached to or contained within the

larger amorphous particles.

3, Observations on the scanning electron microscope an¢ the
associated energy dispersive analyzer indicate that the com-
position of the principal phase includes silicon as major
element with manganese, irom, potassium, calcium and zinc also
present and decreasing in the order given. Lead appears as an

additional element in small amounts.
4. The elemental composition and the observations in the optical

microscope indicate that the light tan amorphous phase is a

glassy silicate.
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Two sets of photomicrographs were taken of each sample. Views
at 80x magnification and under partially polarized light illus-
trate the variety and appearance of both samples (Figures 13

and 14).

Photographs taken at 20x were used to obtain the particle size
distribution (Table 10). This magnification range was chosen
because a number of particles in both samples are relatively
large and thus represent a large weight or volume percent.

A large number of particles which are smaller than 100 um are

present and are not well resolved at this magnification.

Due to the fact that the particle size distribution peaked

near the limit of resolution of the optical microscope at 20x

to 100x, the samples were reexamined with the optical microscope
using an oil immersion 15C0x objective. This shows the
individual large particles to be aggregates of many smaller
particles, some of which are distinctly spherical. Some of
these small spheres are colored: red, brown and also black
opaque. There are also a few crystalline parcticles dispersed

in the aggregate. It was also noted that a very large percent
(on a number basils) of the particulates were of a size range

near the limit of resolutioen.

Therefore, additional observations with the scanning electron
microscope (SEM) were made. These confirm that these larger
particles are, in fact, aggregates of small spherical beads
below one micrometer in diamater (Figure 15). These small
particles are indicative of condensation and aggregation

processes in the cupola.
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TABLE 10

PARTICLE SIZE DISTRIBUTION BY OPTICAL MICROSCOPY

Size Range
0 - 0.2 om
0.2 - 0.4
0.4 - 0.6
0.6 - 0.8
0.8 - 1.0

Number Counted

Mean Particle Size (mm)

Standard Deviation

Control Device

Afterburner Stack Alr Addition
91 120
19 40
1 2
1 0
0] 0
112 162
0.14 0.15
0.10 0.09
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The SEM observation that a large fraction of particles

are less than 10 um in diameter and the optical microscopic
observation of a mean particle size of about 150 um tends
to confirm the bimodal size distribution reported by Davis
and Draper, 1981 (12).
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APPENDIX A

LEVEL 1 - ORGANIC ANALYSIS DATA

- INFRARED (IR) REPORTS

- LOW RESOLUTION MASS SPECTROMETRY (LRMS) REPORTS

55



LEVEL 1 - ORGANIC ANALYSIS DATA

TABLE OF CONTENTS

Page

Afterburner Runs 59
Run 2 - IR Report 59
LRMS Report 61

Run 3 - IR Report 64

LRMS Report 66

Run 4 - IR Report 69

LRMS Report 72

Stack Air Addition System Runs 78
Run 5 - IR Report 78

LRMS Report : 80

Run 6 - IR Report 83

LRMS Report B5

Run 7 - IR Report B8

LRMS Report 91

Matrix Blanks 97
IR Report 97

LBMS Report 101

57



iR REPORT

SAMPLE: RON 2 - AFBL- FILTER L _ . —
Wave Number Intengity Assignment Comments
{em™1)
290 M 1
925 M { aliedotic ¢u otadch
o 850 M )
20 D30 | M  wnducares gulofa-ne |
A T
1030 o0 M .
L1849 e LYV s YRy Y M

o ~ : ' 4
M‘:L““’Uw M\J Ma-—b:;f,_\;&mrg

IR REPORT
SAMPLE: RUN 2 -VAFB - SORBENT
Wave Number intensity Assignmaent Comments
{em™)
3080 3pa8 M et CH
49k 0 s A}
afao s X 2lsolo Lune, (B ATTATH
28650 H p)
1304 M L =0 & oOrgralie M
09 1320 W W*M-Xlw Narg  moodp 4
(450 1380 | M graphatio ¢ H Dutonrotive
1260 s AN
ip4o S [ P
1040 S [k seitr: sfastuiingie:
£90 3
900~ 200 M oo linl dntrpXat, figbettiidoidw

39



IR REPORT
SAMPLE: RUN 2 ~ AFBE — CONDENSATE

.

G g 7
Wave Number Intengity - Assignment Comments
lem™")
SYo00 W o H
270 M
2995 S ( alglaz. €N

280 " \

285D M )

| F24 S L= 0 ofs poeFan
1450 H o 9,5;,.,_.;1, 5
130 Y] _g

60



LHEMI REFORT

SAMPLE:

RIN 2 - AFB - FILTER

Majar Categories

- o

Intensity Category MW Range ]
1pd AuippAtic HydedcarBsNS To Y350 |
(gp | Siuceves e 564
[ Fused friteenare Nos ALTerNATE  Myorocseams <R/
L@ E=STeld s —_—
@ UNCLASSIF/ED 188 - 35 ’
Sub-Categorias, Specific Compounds
Intensity Category l m/e Compatition

188

Sieane - Neptrmaep oy B Jmer— 304 Crp Hay Oc Sz

05 | PirmATes NOT SPeeFepuy  (DENTFIASLE

(D

{/ Rive- @:QH/ EUWM/P%Q&GE«) EVS

Corotig

|
|
|
|
|
|
|
|
|
'\
|
|
|

SILICoWES  TD Mo A SpE

ALy pHauaz. liwe MNATee AL AS PleT &F UNCLASS FIED |

61



LRMS REPORT
SAMPLE:

RUN 2 - AFB - SORBENT

Major Categaries

Intensity

Category MW Range
(&P FUSED ALTERMAATS, NODALTERAATE HYDROCAR BOVS <26
& EsSTERS p—
1% S/LIConES To > 448
(& RrRomATIC Hdescsesons 237
|

Subr-Categories, Specific Compounds

Intensity

Category mfe Compotition
1908 |3 Rwe PaH/ /%rmxcaug Pﬂm}m&@ |78 Crttip
[ | Py Npewraprede ' | Cu Mz
/@ H RiNg FAH /F]_uanm;,aajg Pyegui 207 Cr, ,L,/,a
[@ METHYL 2 R —PM /92 Cos Hiz_
(S | MeTH L PHEnw. NAP# A LEVE. 28 Cn Hu
[ 8| qErethEuy 2381 CogH
2 Po ripATES, NOT SPECIFrcs ey

| DENTI ErALLE.

Other

62




LRMS REPORT
RUN 2 - AFB - CONDENSATE

SAMPLE:
Major Categories
intensity Category MW Range
(@@ | ESTERS 398
/ :(Z FUSED KBiTeniare  Nod hreenars Hyorocarsanss 2 Rb
/ Aeompric. Hyorscar B 237
/ Fused Brrcrusrs, Nod ATseusrs Hyssscsreass > 2/
Sub-Categories, Specific Compounds
Intensity Category mie Compasition W
[ &Y PHTHALATE, DOP_ 7YPE 398 Cay Hag Oy
IE |3 Ping Part/Aummscewe Z?*ENMM;\/ (78 Crtp
1 14 Rinke PhetFroomammazus/ Preens) 1262 Crolig
1'/9/ PHENYL Njﬁ’f’&'ﬂ-fh&ﬂ& Aa/ ! Croldn
| Mt 3 Ewe PAY /92 Cis Hre.
/ WETHY PHEN M%‘mam U8 %7 //;?
/ “TEREPHENY ( 30 Cig Yoy

Other
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IR REPORT

SAMPLE: ,RUN 3 - AFB - FILTER

(=) g
Wave Number intensity Assignmant Commanty
{em™1)
0 ~ \

2920 M P abglotie CH ammured

o 8§50 M

3050 M2 @it e R C H
45D 138 M ¢ H_phatorrattn
{2 0 s \ K ,

(090 3 vk f abotone
1020 s !
Epo . 008
+ 00 340 W G AT o S AMM
Comatol b g b XA/
IR REPORT
SAMPLE: RUMN 3 - AFB - SORBENT
- U
Wave Number intenaity Asgignmant Comments W
{em™!)

3035 3057 W aLrnetoae C M 5
290 s ) i
2940 S | atopatie CH abuteh
=850 M j
(30X - M o0 agué. M;
00 I500 e, Adrg nadro

14570, 13%D M ¢ . ' —~
&0 M rmoa, 'glﬁ jf&g,g_,“ L Rx j0%0
/090 g5 M {( 10X5 | o, Cloutn (Raon |
) M AR, WL@__’Z_M_-
AmducaRre 4 o KoK, CRawn
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IR REPORT
SAMPLE: RUN 3 - AFB - CONDENSATE

Q ad
Wave Numbar Intensity Axsignmant Commaents
{em™1}
3450 w hondid O H
3o Vi « CH
[F A Ao Ady oA C-n /y—u-jd il L o Mfﬂ |
</
/45D w) A it
N T
13 s (ad S
03 w C-o W

| ComAaion oLl Dop
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{ RMS REPORT
SAMPLE: RUN 3 - AFB - FILTER

Major Categaries

ESTEXS

Intensity i Category MW Range
[ G | ALipuATic NEDeo i 8als 7o > Y54
/L SJLiceVES —
%

/&
/Q( | Fusen Prrenruste . Nod ArTer NATE  [MYIRocetams <L 2/6

Sub-Cateqories, Specific Compounds

Intensity ! Category m/e Compasition
LD | PHMALATE AND TEREPHTHALATE | NOTISPECIFIcALLY [DEvTFa
| @ | 3 B FAd @ﬂmm,/PﬂMmaue) 178 Critte
C PHewyr NapHrupene 2040 Crptiz
1% o Ronise PhH (Frosesnriene [ Proone) | 302 | Crotrp
[ WERY, 3 Rmé e 192 Cri5 Hra
T | permy PHEry. NEPHTHREANE | RIS Crr iy
|| TerePuEuy 2341 Cip Hie |

!

Other

1 Sre e ves o > s
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LRM3 REPORT

SAMPLE:

RUN 3 - AFB

- SORBENT

Major Categories

Intensity Catagory MW Range

(3@ FUSED AiTeeusrs Na Aazrure Harocargak | <2/6

[ B D CHRBXYLIC ACIdS /222008
Lo S/ricoies /08 -4pd |
/ @ Luser AiTeensrs, Now Burgevers Myprocaessls | 2l /b
(e UMNCLASSIEIEN 158 - 3PP |

|
Sub-Categories, Specific Compounds

Intensity Catg;ory m/a Composition !

108 | 3Rmis: FhH [Aurtesecve Preinmirad| /78 | Civfhe |

130 Benzore. ACd /221 CoaHe Oz }
(G | PHewy,  NApytimene 20¢ | Cro Hiz |
/@ l}!ff‘»@@ 2 Rive PAH ' /g@’._ C oy Hio J
1o 4 Rils o [HUMI'#&JE/%/EEU&\ 202 Cro Hrg |
! & METuyL. R RiNg Pﬂfﬁ’-f /192 CrstHiz i
e DO DECAEIC.  BED 0L Cra Moy Op
| 5| Metwyr Buewy,  Npowrwove A/ Cr7 #/%/

Cther p
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wi 186 To 3¢8
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LRMS REPORT

SAMPLE:

RUN 3 -

AF3 -~ CONDENSATE

Major Categaries

Intensity Category MW Range
(B¢ | ESTELS 398
/ (Df FUSED MTERUATE, NOU mTEXNATE  HYDRICATE ns <26
5 Hetenscpetic  Nmeass)  Compounds /35
) Hemeocwoue  Surmi.  Compouads /3S
/ S/Lic ES
Sub-Categories, Specific Compounds
intensity Category mie Composition
1¢B | Peraiare, DOP TIPE 398 | Oy Hsg O
[E. 1 BewzorHiszae (351 Crhg NS
/ / 3 Rivg PaH / STt peesiz %Mmg\ /78 Cory Hrp
/é 4 Kowg Ph rf;’:_m&ur#w‘?/@maue\/ 2821 Ce o
'S | Pheare NAyriprene 284 Cro Hro
| Merk 3 Rivs (B 1921 Catie
f METHY . Freaye /\fﬁfrr—rlmyfz—.— 218 C v ,‘-7[/*/
Other
L Sreicoves " rle 450

68




IR REPORT
RUN 4 - AFB - FILTCR

SAMPLE: .
Wave Number Intansity Assignment Commaents
{em=1)
290 w )
2945 w & (A= U GJH_L,J*&
Ak F0 o \
| 285D w _
[0, 1050 (%) O E',.#.amg,
020 %09 ) )
Vo
=
IR REPQRT
SAMPLE: RUN & - AFB - SORBENT/RUN 5 - SAA - SORBENT
= ” 7
Wave Number —' Intensity Assignment Comments
fem~1) r
— T t
3300 L—'\aa.d A B, l
290 S l
2920 | s Y Al labie CH AGHL |
57K 2)) s | ) |
305D i w Grrmatic, CH  aaied |
|
1%0 0 E M C.:O—M MWWW,{J{)
!bOO _ [ 79) ! :
T w 2 Ny ,
| ;
T ? L= et —U'M - '
13%0 J nd U }
14 O M | :
109 n [ M j 3 _.__! ‘..J’ g
02 | M |
Sno LM )
R -
35? l I ) e A a il T ban e
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iR REPORT

WY 4 - AFB - SORBENT - FRACTION 1

SAMPLE:
d ()
Wave Number Intansity Agsignmaent Commants
{cm™')
219545 ¥ N ,
4‘]&( V.9 ( 4 oA \
| 2€ 3o Sk ( L ' |
23 5D > ) \} g
14xp M LTI N D 30V
/30 M J 0 /
350 W C H roch_ .
Prorbd _tL_gudb w3/si @
d 7
IR REPORT
SAMPLE: RUN 4 -~ AFB - SORBENT - FRACTIONS 2-4
J ¥)
Wave Numbser Intensity Assignmaent Comments
{em=1)
2045 305D M aATvratig, CH gt Te A |
AV M \ _ !
| ey M }W‘ C B Lt A
| 2850 M )
ibpn’ /&S w) ) O T et M?_MM
1450 /350 MW ¢ H W
FEDY) M ) i
1099 1039 S by Al aes
%00D S _) ]
Joo- b5V M Ao vwotie C H oo b tliawl,
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SAMPLE: RUY 4 - AFB — SORBLNT - FRACTIONS 5-7

¢
Wave Number intensity - Assignment Commaents
{cm™1} .
| 200 H(Ay-uc-j« by ) O+ « NH
20590 W GArvrotee & H
Tl 735 i UW%- .
3§30, 28 30 W )
1o S Cz20 ol an Gawacls
| |00 4 7 .
1R 30 M DLMKE
400 - 300 M W BrrrraKXas € H.
820 - 930 frond Lw MM ﬁk%
| o orrvmatic o  faurty
l INIE 4&-{ i
IR REPORT
SAMPLE: RUN & - AFB - COMDENSATE
hd ] ST ad
Wave Number Intansity , Assignment Comments
fem™")
LYY L Gl =D arllastoa
245D M{prood) | W borokeed  H, 0
1020 s ) lies
kN4 o K i !
i3 0 M L o ) l
15 30 H (70 B
rav w C =0 LraXeh
d o La2 C &
X 7-10) w? L Aul s el on
13yo w Cn 4%;& )
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LAMS REPORT

SAMPLE:

RIN 4 — AFB - FILTER

Major Categoriss

intensity

Catagory

M 1punrtic. /af DROCARBNS

EES
7

=STER S

Sriic JES

/
1Y

B
Sub-Categories, Specific Compounds
intensity Cstegary m/e Composition
) Popmpre, DOP  7vpe 398 Cay sy Oy
i
-

—d 1

Othar
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LRMS REPORT

SAMPLE:

RIN 4 - AFB - SORBENT

Majaor Catagaries

Intensity . Catagory MW Range \'
Y Fused threruprs, Noktmeewnre Hurocmenis | < 2/6
(B8 | CARRoxYyiIC  ACDS 122.
18 | RLPHETIC MY DRD CARBONS ™ 457
'y S 10 M s 7~ o0
(& ArewmATic HYDRICAR BINS L3
Sub-Categories, Specific Compounds
Intensity Ca,tegory ) m/e Compotition
108 | 3 Rws PHpunmacene /Progns e | | T8 CryH 1
/ CB@ Denzowe  Acd 1221 CoHyOg
(0@ | Prhenyr NppHTemene 2041 Gtz
[ o Riwe W/quwnfede /PYEE'N&) AB2 Co ¥
1@ | Akye 3RiWNG  Pa 19200 CisH- CuHry
I3 | DiHydrs B RING PAH 18 Coy By
/O{ MeTyr Prenye Nipprmeve K5 | C,7 z‘//g
§ | Tereprere 2381 Cpby

i
l
|
i
r
|

i
|

Other
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LRMS REPORT
SAMPLE: RUN 4 — AFB - SORBENT - FRACTION 1

Major Catagorias

Intansity Category i MW Range

l @(25 A’L.'PH-A‘!(Q ?:L{Dp.ocma:saﬂs 222%38@’
Sub-Categories, Specific Compounds

Intensity Category m/e Compaosition
Other
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LRMS REPORT

SAMPLE:

RUN 4 - AFB - SORBENT - FRACTIONS

Major Categories

Intensity Category MW Range
100 | Futwarc  Hprockesais 7o ~pP
e LF(JSQ) Prrernare, Nod ureeoats Moo corams <.2/6
g | : , ‘ >2/6

t

I

| i
Sub-Categories, Specific Compounds

Intensity Catagorv m/e Compaosition 1

@ 3 RiNe Pf?ﬁ/ Fnmppeets /zf_’%ammm\ /4 CryHe J
/@( | 4 Ring fPA-H{( FLUM A TUgnE /‘?VEBJEL L Clottre t
[ Peeuve  MAPHTHH ERE 20Y | C/c, Hre |
10 | Meme 3 Ring PAH 1921 Os Hip |
(Qé METHY L PHEnye N)“rPH‘THﬁLEﬂJ& A& C/’z H s ]
1% | Tere Preaye 2381 Ciy Q;_?f l

Cther
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LRMS REPORT
SAMPLE: RUN 4 - AFB ~ SORBENT - FRACTIONS 5-7

Major Categarias

Intensity | Category MW Range
(¢ CoréoxyLic. Acids 122 |
(9@ | Riipwaric Compodnns ™ NOT IDERTI FiABLE
@ ESTer S " ]
(B | UNQasS(FED 138 ~ 308/
[ | KeToNes 50 !
! !

Sub-Categories, Specific Compounds

intensity T Category m/e Campasitian
100 Bewzsie  Aem 122 ] CyHe 0O
[ B | PHrHeLAres NITS Peeificany | DENTHAALE .
| FLURENoNE 88| CuHe 0
}
|
!
l |
| |
| 71 I
|
| I |
| ] |
| i | |
i ]
| ! |
|
L |
Crther
“’Aumc Compounts: e SPeEcTRA Stow ouy THe Cz To ~Cp Pserion) oF THE I
MOLECURES — COULDd Bg KeTowms, Mciers, oe HYDROCARBAS Ca)TAmuaTI N ‘|
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LRMS REPORT

SAMPLE:

RUN 4 - AFB - CONDENSATE

Major Categories

Intensity Category MW Range ]
[60 ESTersS 370
/ Foses frremppre, NOW Frreruvpre Hyseocaesss <2/l
/ Almarie H/peocarsrus 230
/ Fusep Ahremnare, Nod Arteennre Hdeocorass | >2/0
| J
Sub-Categories, Specific Compounds
{ntansity Category m/e Composition
100 PHTHALATE F0 | Cay Hag Oy
! i/ i Pir [FLosesrmedz, Preene) | 202 Crp Mo
/ | PresyL )\ APHTHALENE 204 Cntrz
/ TEREPHENYL 250, Crty
/ Merwr  Poevye Novwr wperve /8 Cra By
I !
( ]
| .
| N

Qthar
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I nEFURTY

SAMPLE: . RUN 5 - SAA -~ FILTER
” o] r—
Wava Number Intensity Assignmaent Comments
{em™)
2400 brea el Armgr? rmgunt of NH
A9 o A \ ]
| 2920 5 AR padae CH aba Ak
2 § 50 M
SRLEY M ] —C—- sl foanmaFdw
/3%0 w 3 0
|2 bD M D) .
1D90 H P rvﬂul prawy Mﬂﬂ&&ﬁ
| 040 U \ d
00 A J
IR REPORT
SAMPLE: RUN 5 - SAA — SORRBENT
U
Wave Number Intansity Assignment Comments
(em™')
3300 (ol U M
d9eo0 s \
2920 5 { W 0 H aXauLedk
2850 M
3050 w/ o+
1300 M L2y &f endha -
1000 v 0
AL W armddde, W H
450, 1289 M CH w
[d eV M ] ‘
g0 M \( %J-GM
100 M )
g00 “ |
X1 3al’Y AV KW Ao Xt m fstmrs
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{R REPORT

SAMPLE: RUN 5 — SAA — CONDENSATE
Wave Number Intensity Assignmaent Comments
{em™*}
2400 b 14 bpnolecd OH
ﬁiaoréﬁfb 5 - 4
;__Q_?‘jt L) ¢-H ot ’t(‘U‘!
13 §0 M Geo e Tl satin !
(300 M Cad Ascnetoc A g,[“a‘_”‘
“1[50-13&9 w C_ -
1430 W C -0 of e leiy ? a4 ‘ 2 b
{030 M 0 -n “Ué ;
e ) M 2 e i .
WL‘*J Al ettt adf DOP %
|
' |
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LRMS REPORT
SAMPLE:

PUN 5 - SaA - FILTER

Major Categories

Intensity Catagory MW Range
(FF | BrPurtic  HeprocarBos > 354
LQ/ Es7ER S —
/ Q/ SILICHES S
|/ Eusep Prreedprs | Noprreesre Hydescrrssis <2/
i ! 2

Sub-Categories, Specific Compounds

fntensity

Category

m/e

Compaosition

g s hre, NOT SPacs/mcay [DENTIFIARLE
/ 4 e P Fvmspmrie /Fueens) (2082 Chpiop
/ = s PMY/QHTMC'@@/MML )| (78 Q//‘Z%a’
B

Other
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LRMS REPORT

SAMPLE:

RUN 5 - SAA - SORBINT

Major Categories

Intensity 1 Categoty MW Range 1
Y, ALIPHATIC  HYDRD CARBonls > 450
BD Fusen Aureewsre, NoJ Procestre  [FYdRocsns| <2/ b
108 | (ArRoxscic Aeids /2228
@8 ESTEAS
(8 | SlLic WES W0 78 > 5p4
[ @/ Fiser Hrerimre Nod Ausenpre HypRocar sais | >26 |
Sub-Catagories, Specific Compounds
Intensity Category { m/e Compasition o
/gp 55010/6/ /:}CID 122 C7 #@ Oz .
| @& | PHritmare  DoP TYPE 398 | CayHsx O4
167 | 3Rws ?ﬁ#(ﬂumae/%ewﬂm) L/7X Cry Hop
/ Cé PrenyL NﬁPHT##uafs— ;1@9/ Cro Hrz
13| 4 Bws PM?&UMW@//’VE&JE\ 282 Cro H1p8
[ 3, Ayt Seie Pad 172-28, Crs = Cutlry
[ & | TeteprEvL 2381 CipHy |
10 |j’;€wc;- Pad ( CopysenE, E-rc\ 228 Cy Hr2 |
/@/ METIHY  PHENYL )‘fﬂfﬂmﬁza&- Ay C,4 i‘/{y
/@/ YNDECAgIC A0 150 Co Koz Oy
| | DoDEcanoic.  Aerd 288 Cr Hay O
i
+

- RN [ S

e —— f—F

Cther
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LRMS REPORT
RUN 5 - SAA - CONDENSATE

SAMPLE:

Major Catagories
Intensity Catsgory MW Ranga I
183 ESTERS 390
[P SILICNES > 40
! Flsed ALTERuRTE  NoJ MTegiiite HYDROCARAMS <A
0.5 | Hegroceric Nrrsced Cowpovnss /35
0.5 | Hererocuric Surve Comepups 135 j

Sub-Cateqories, Specific Compounds
Intensity Catagory mfe Composition
183G | Pemare, DoP  TeE %8| Castsg O4
[ 2 Rine At/ Aierene [Preipmea)| 178 | Cry Hr
/ BENLOTHIAZ L E (35 | _CqHENS
|| Phewve  Nepwrypede 2041 Cubhe
| /7/ f/MG— PMC&UMMYMEUEL/F/REJQ LEL C/é A/f:f

N ]

Other
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IR REPORT

SAMPLE: RUN 6 - SAA -~ FILTER
Wave Number intensity Assignment Comments
{cm™!)
o Ci o O M 7
2945 S t W C H ot h
|25 4 v -
40 350 a2 13 dfonmakion
A0 1030 | W L L
7 -
/DR 0, §0D D ke 4
1} 40 w C - tactin
1335 =) (=g 2eCen
IR REPORT
SAMPLE; RUN 6 - SAA — SORBENT
Wave Number Intansity Asnsignmant Commants
{(em™1)
27e0 M N
| 2925 M Cabipate, CH sectoh
28 o o \
1350 M
134D 12 Q. 0 ?L Ajd‘.,ﬂag(.&,
,J_Q_hﬂrloio S ) o—Leata
_LQ.n'LI/__g:D c S

| _ | _{_J NJL_ﬁL .1




tR REPORT

SAMPLE: RUN & — SAA — CONDENSATE
DoP.
Wave Number Intansity Assignment Comments
{em™')
2960 A )
Q930 M ajléflaa.i@ ¢ H
255D M
1745 ] C=0 J—;f.a. P s,
(435 ) 00 bemd oandk 282 1380 ) Thar T aodf
| /235 g0 | S S atao (< C-CD.
1230 M "NJa %
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LAMS REPORT

SAMPLE:

RUN 6 - SAA -~ FILTER

Major Categorias

Intensity Category r MW Range j
§ole) ALIPHATIC [R/DRoCAR BonS ~+o Y00
lo | Eerels 3720
[O SiticalEs —
[D Hererocycric  Nimessen omps uwds 125- /57
/D Fusen  Sarepnpre, Nolfrreg NATe HyDRocAR BaS LR b
/ YNCLASS I FIED 70 350 |
Sub~-Catagaries, Spacific Compounds
Intensity Catagory mfe 1 Composition )
'O FPHTHALATES | NOT SPEciFre ALLY IDEAT) Erh SLE. |
D S/LicenJES 207, 236 28/
10| Gumoie Aws C,,Cq quwnimes_ 189- 157 CotyN- CybiyN |
10 13 Rwe Py /A‘Wl}ﬂm‘lfﬂr ?hwmmwé /78 Cry Mo |
10 14 Rweg Pavt FLUMW_M 2021 Go Hoo
10 memwy 3 Bps FAY /'?zl Cis Hre
|
|
|
i
|
!

<.___‘,.-_‘_,__,_, .

et

NN U U

et f— e — f— ]

Other
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LRMS REPORT

SAMPLE: RUN 6 - SAA - SORBENT
Major Categorias
Intansity |r Category MW Ranga
10 | CAROEYLIC  ACIDS 122-2p1
/ Q@/ Fusep QLWA—@ Nl ALTERN ATE  HYDRICATRENIS < 2/
/@/ J/uccmzfs 7o >544
12 Am wa’—-s 327
18| Fusen Aternate, N ATegiite  Hyproirems | e
/g T UNOLASSIFIED | 1B -308
Sub-Categories, Specific Compounds
latensity Category ' m/e Compaosition 1
1234 Deaizsie. e 122 Cotls bz |
12 2 Kwe Pﬂf/[f‘?ﬂrmwp/%mwrynaﬁi /78 l Cw#io 41
1 L Prenv  NAPHTHAL EE 204  Corotpz |
/ @f, Y Rws [FAH4 /fwmﬂwej Prozve) 12082 Cro Frp
B Arep 3 Riws Phy 192208 Cys Ko =Clo s
(&1 TRIBRD r/LINE 327 CoMHyBy N
[ E | werev. Py Nppwmmeve (28| Cp ity |
/ &6 | Terepuenvy 237 Cogp Hry
[@ 4/ e, PAH /&L CHRYSEVNE , eTe. 3 22 Cig Hia__
o DoDec axpic. AeiD ReB| Crs Hav Oz
| 1
!
i
1
|
|

|
| |
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| | |

Cther
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’65 UNCLASSI FIED | we (00 1o 38 B
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LRMS REPORT
SAMPLE: RUN 6 - SAA - CONDENSATE

Major Categories

Intensity Category MW Range
(B4 ESTERS 222-3%0
Sub-Categories, Specific Compounds
Intensity Category m/e Compaosition
(G PHTHALATE, DOP TvyPE 396 | Cay Hap Oy
1 I DieTau  TerersmmATE 222 iz M Oy

-+

Other
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IR REPORT
RUN 7 - SAA - FILTER

SAMPLE:
Wave Numbar Intensity Assignmant Commants W
{em™')
2960 M
2325 3 ( W ¢ # stEAce A
L8570 M )
e XY) M C=D af £alTin
14570 M 10'; -
C. T'} hor S
/iéb W a
jaLo /030 w o a o POV IS
30(77 w/ JFL ’
___a /1 %O a2 ¢ -a 4@[ il
iR REPORT
SAMPLE: RUN 7 ~ SAA - SORBENT
Wave Numbar Intensity Assignment Commants
{em™1)
3 Yoo {oroof o M
2 49wo s A
2930 S Qlipe Latne O H atsadTR
Q¢ 35 M v
| 2860 M /
1235 M Q=0 J aa LA
1200, 180 ) 0 -p & Lyt
1040 w 1° %Z oL ot
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S e

SAMPLE:

RUN 7 -~ SAA - SORBENT -~ FRACTION 1

- Wave Number intensity Assignmant Comments
{em™1)
29,0 K A
L 2920 < {0 4 abuxeh . W
| a&5.5 S 1
2430 v /
1S 1340 M CH Ao oo
330 w) CH, D U Aot A
(it | Mypbrcortion . H agh M.Mwuc;ﬁgq
i ntra P AAJ__M%AD d ‘
(R REPORT
SAMPLE: RUN 7 - SAA - SORBENT - FRACTIONS 2-4
Wave Number Intensity Assignment Comments
{em™ ')
¢ bo Vs 7
¢ 30 VS &cg 2ot e R -ﬂ%}‘;‘-&
25 5 s \
A5l S J =
1235 i M Cz0 of pofXan MMW
- J L ezl —a,aw M.&
Ligo /2% . \c-ow rd
145D M NI A . é
reo e Bl Aneceattete J
910 M. (80 poehk
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| R21% M | foutd be P-0-CoA- S =D *
| =
* |




iR REPORT

SAMPLE: RUN 7 - SAA - SORBENT - FRACTIONS 5-7

Wave Number Intansity Assignmant Comments
{em=1)

ZF300
DF o
<95
2410
285D

foagd o d
S

S
H

M

/338 S C=0 o biloe

Yy
M
H(MA_)__

OH

¢ W ol Ase,
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/3%0
2050
L

iR REPORT
SAMPLE: RUN 7 - SAA - CONDENSATE
Wave Number Intensity Assignmant Comments
{em™1)
_dLas H QYL ~p
[12& 0 - < i §
- M Aottt j
| 2230 M
1320 1A =z
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LRMS REPORT

SAMPLE:

RUN 7 - SAA - FILIER

Major Categorias

MW Range

Intensity Category
[ GD ALIPHATIC HyYDRDCARBONS To Mz UD
(¢ SuLrur_ 256
]
Sub-Categories, Specific Compounds
Intensity T Category 1 m/e Composition ‘1
1 r !
(08 ALIPHATICS - MANY DESKEES oF I |
UNSATURATIR) PRESENT BUY OLEFWS | i
Stand oo Suiesrey i 72 Cyp |
1 % |
0 SuLpue 256 OF

! i
| |
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|
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|
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Cther
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LRMS REPORT
SAMPLE:

RUN 7 - SAA - SORBENT

Major Categaries

Intensity Category MW Range
1Q@ | Bipurnc  (HyDROcARBIMS 7 450
10 | Fusey ATaasts, Nodsirexdare  Hprocseans | £ 216
(B | RRomsrsc  Hypgocereps > S84
{ @/ SULEUR. 250
Sub-Categories, Specific Compounds
Intensity Category m/e Compaosition
1B | Nererpiee b Pricn Nopwrsees J2g-54 Cofle = CryHig
/@ ALicy, B/Prmn. s ) }/5&21‘/ Coatlp = CrrHae
(& |3 Riwe PAH [Auiithcene/preominpsne) |1 TH | Coy Hio
(B Prey 3 Rwe PRy 2280 CisHyn= Cro Wy
(| Svirve 256 Sy
!
i
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{
!
|
|
L

nher

B0 friesrros s COMpEY , BUT OEFKS AND Lne o)

Ay  BEAZersEs ALE

FRpm 1l T
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LRMS REPORT

SAMPLE:

RUN 7 - SAA - SORBENT - FRACTION 1
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